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Introduction
▼The basic microplate-array diagonal-gel electrophoresis
(MADGE) system has been adapted to analyse higher den-
sity arrays, such as PCR reactions set up in 384-well plates.
Here, we present an integrated set of changes to both PCR
and MADGE so that 384-well MADGE (MADGE-384) is fea-
sible without robotics and is accessible to any laboratory.
MADGE-384 offers a fourfold increase in throughput over
conventional gel analysis systems so that now, under al-
most any conditions (manual, robotic etc.), it is PCR or data
calling, not electrophoresis, that limits throughput. As fully
automatic software improves, PCR will remain our limiting
step.
With 96-wellMADGE, the layout of electrophoresed sam-
ples matches that in the PCR reaction plate. With MADGE-
384, however, PCR reactions are run in four 96-well arrays
and the four arrays are intercalated into a single linear for-
mat in the MADGE gel (compare Figs. 1 and 2). To avoid
any confusion, it is imperative that a precise convention is
used for transferring samples and this can be done by clearly
defining well positions so that they reflect higher orders
of assembly of 96-well arrays. Colour coding is a particu-
larly successful visual aid and Fig. 1 shows the well-position
nomenclature and colour coding used in our laboratory.
Standardization of PCR reactions for subsequent
MADGE analysis
We recommend standardizing assays to the following for-
mat.
1. Add DNA solution to wells then dry down by incubat-
ing at 80◦C for 30 min before adding a PCR ‘master
mix’.
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2. Set PCR reactions up in a final volume of 10 µl.
3. Set assays up in 384-well polypropylene plates (e.g. GRI,
1047-00-0) sealingwith adhesive film (Microseal A film,
GRI, MSA 5001).
4. Run reactions without oil with a cycling program that
includes a heated lid setting.
5. Use high performance Peltier thermal cyclers (e.g. PTC-
225 DNA Engine TETRAD, MJ Research).
PCR manual set-up protocol for 384-well plates
Scale up from 96- to 384-well plates requires the adoption
of a standardized set-up protocol, to eliminate any chance
of user error. To this end, we have devised a simple system
to facilitate easy, systematic loading of the 384-well plates.
This system consists of a pegboard on which the plate can
be fixed and a laminated background template that can be
used to mark the position of wells to be loaded (Fig. 3).
Samples can then be loaded in the following way (Fig. 4).
1. The laminated background template is laid onto the
pegboard between the blue pegs (Fig. 4a).
2. The plate is then positioned between the blue pegs
and secured by additional yellow pegs. The template
is moved upwards to align the top edge of the plate
with line A, and the plate is also pushed to the limits of
peg 1. This positioning darkens the 96 wells in the field
corresponding to well 1A1 (see Fig. 1 for explanation
of nomenclature). DNA can then be easily loaded in all
these darkened wells using an eight-well multichannel
pipette (Fig. 4b).
3. The plate is moved left so that it abuts peg 2, and wells
in the field corresponding to well 2A1 are darkened,
facilitating loading of the next batch of 96 samples
(Fig. 4c).
4. The template is moved downwards to align the plate
with line B, and the plate is moved to the right against
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FIGURE 1. Well-position nomenclature and colour coding for 384-well arrays. This system reflects the fact that a 384-well gel is made up of samples
from four superimposed 96-well plates. The first number and the well colour together define the 96-well source plate: 1 (red), plate 1; 2 (blue), plate 2; 3
(green), plate 3; 4 (grey), plate 4. The coordinates following this (A1–H12) are those of the original 96-well plate.
peg 3 (Fig. 4d). This darkens wells in the field 3A1 and
the third batch of samples can be loaded.
5. The plate is moved towards peg 4, darkening the wells
in the field 4A1 so that the final batch of samples can
be loaded (Fig. 4e).
After the DNA has been dried, the master mix can be
added using a repeating pipette. After briefly spinning the
plates, the PCR is run as usual.
Preparing and loading MADGE-384 gels
384 sample PCR reactions can now been analysed directly
by loading the samples on aMADGE-384 gel. This system is,
in effect, composed of four superimposed 96-well MADGE
arrays (Fig. 2). A reasonable well size has been maintained
(1.5 mm3) and a track length of 11 mm allows acceptable
pattern resolution. The electrophoresis has to be carried
out ‘dry’, to enable ‘passive’ 96-pin sample transfer. Passive
replicators have been chosen to transfer samples in pref-
erence to barrel, moving-pin or air-displacement systems
because they are lighter and more convenient and econom-
ical.
1. MADGE-384 gels are set up just as for the 96-well
MADGE gels, as described in the previous article, us-
ing the appropriate MADGE-384 former (MadgeBio,
M0151) (Fig. 5).
2. The gels are prestained by soaking for 15–20 min in
1×TBE with 1 µg ml|btl1 ethidium bromide.
3. The gel is wiped with a glass rod so that a small residual
volume of buffer remains in the well.
4. The PCR plate is spun briefly before removing the seal-
ing film.
5. 5 µl of sample buffer is added to each well using a
repeating pipette.
6. The gel is placed on a coloured grid to aid sample load-
ing (Fig. 6). The gel is lined up so that the top line of
wells lies over the red squares.
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FIGURE 2. Schematic illustration of the 384-well microplate-array diagonal-gel electrophoresis (MADGE) system. The fours colours (red, blue, green
and grey) show that the system is, in effect, composed of four superimposed 96-well MADGE arrays. The linear arrangement can be traced to their
tetradic arrangement in Fig. 1.
7. Samples are transferred from the PCR plate to the
MADGE gel using a 96-slot pin replicator (MULTI-BLOT
replicator, V&P Scientific, VP408S2) (Fig. 7). The slot
pin replicator is placed over PCR-plate wells in the field
corresponding to well 1A1 and 2 µl samples are picked
up. The replicator enables the ready location and posi-
tioning of the samples but it is important to use no-oil
PCR reactions to enable direct pick up of sample.
8. The replicator is then lined up with wells over red
squares on the template. The samples are discharged in
to the wells by passive diffusion into the residual buffer
(Fig. 8). If the PCR product yield is poor, it is possible to
transfer a second, replicate 2 µl sample from PCR plate
to MADGE gel.
10. The replicator is blotted clean, rinsed in deionized wa-
ter and blotted dry. Samples corresponding to well 2A1
on the PCR plate are then removed. The replicator is
positioned over the blue squares and the samples dis-
charged.
11. This is repeated with 3A1 field samples going to green
squares and 4A1 field samples going to grey squares.
Electrophoresis of MADGE-384 gels
MADGE-384 gels are loaded dry and voltage applied directly
across the gel. We have designed a simple gel box to allow
safe ‘dry’ electrophoresis. The MADGE gel is placed at the
bottom of the tank and a bar, under which is the cathode
electrode wire, is lowered so that it touches the gel (Fig. 9).
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FIGURE 3. Background template used to facilitate pipetting into 384-well PCR plates. This image can be taken from this web site, scaled, printed and
laminated (for robustness), ready for use as described in the text. (When scaled properly, the circles should cover a horizontal distance of 11.25 cm and a
vertical distance of 7.6 cm.)
Placing the lid onto the tank pushes a bar, under which is
the anode electrode, onto the gel, allowing electrophoresis.
Running the gel at 150 V for 10 min allows the resolution
of most bands in PCR genotyping reactions. We have also
designed an electrophoresis stack to allow the simultaneous
electrophoresis of up to five gel boxes in parallel (Fig. 10).
Visualization and analysis of MADGE gels
Given the complexity of the image, MADGE-384 gels have
to be analysed using digital imaging systems. The MADGE-
384 image can be analysed in ‘MADGE mode’ of the
Phoretix 1D Advanced image analysis software (see previ-
ous article in this series). The software is designed to handle
standard 96-well MADGE gels but the 384-well gels can be
handled by identifying and analysing each of the four su-
perimposed 96-well arrays separately.
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FIGURE 4. A pegboard and the pipetting template can be used to help in the loading of 384-well PCR plates, as described in the text.
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FIGURE 5. The 384-well former for microplate-array diagonal-gel electrophoresis gels.
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FIGURE 6. Background template used to help in the loading of 384-well gels for microplate-array diagonal-gel electrophoresis. This image can be taken
from this web site, scaled, printed and laminated (for robustness), ready for use as described in the text. (When scaled properly, one line of coloured
squares covers 9.85 cm from the top left-hand corner of the first box to the top left-hand corner of the twelfth.)
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FIGURE 7. The MULTI-BLOT replicator used to transfer 96 samples from PCR plate to gel for microplate-array diagonal-gel electrophoresis.
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FIGURE 8. Positioning the loaded replicator (Fig. 7) over the 384-well gels for microplate-array diagonal-gel electrophoresis. Using the background
template (Fig. 6) ensures that samples are loaded in the right order.
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FIGURE 9. Simple workshop-built gel boxes to allow dry electrophoresis.
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FIGURE 10. Simple workshop-built electrophoresis stack that allows the simultaneous electrophoresis of up to five gel boxes.
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